Background-After mechanical heart valve replacement (MHVR), long-term use of unfractionated heparin is sometimes required because vitamin K antagonists (VKA) are temporarily contraindicated or because the time to reach the target international normalized ratio is long. The aim of this study was to investigate the feasibility of low-molecular-weight heparin treatment in these patients. Methods and Results-This work was conducted as a prospective study. We selected all patients (nϭ695) who underwent MHVR and were transferred to a postoperative cardiac rehabilitation center between January 2000 and January 2005. The study focused on patients who had not yet started VKA therapy or who had a below-target international normalized ratio despite VKA therapy. Unfractionated heparin was replaced by enoxaparin (100 IU/kg BID) until VKA treatment was fully effective. Two hundred fifty patients (60Ϯ11 years old) were enrolled 16Ϯ11 days after surgery (aortic valve replacement, nϭ190; mitral valve replacement, nϭ34; double valve replacement, nϭ26). Of these, 50% had permanent or transient atrial fibrillation, 40% had hypertension, 13% had diabetes, and 19% had a history of cardiac surgery. The mean duration of low-molecular-weight heparin treatment was 8.3Ϯ6.0 days. Patients were followed for 90 days, during which there were two major and three minor bleeding episodes and one transient ischemic attack. There were no cases of valve thrombosis and no deaths. Conclusions-After MHVR, one third of patients leave the cardiac surgery unit before VKA treatment is fully effective.
of Chest Physicians endorses LMWH administration (with the same low grade of recommendation as for UH) as a possible strategy until the international normalized ration (INR) is stable at therapeutic levels, 11 but, the American Heart Association/American College of Cardiology does not compel to use any heparin 12 : "It is important to note that thromboembolic risk is increased early after insertion of the prosthetic valve. The use of heparin early after prosthetic valve replacement before warfarin achieves therapeutic levels is controversial. In some patients, achievement of therapeutic INR can be delayed several days postoperatively because of mitigating complications."
The aim of this study was to evaluate the feasibility of LMWH therapy as a bridge between immediate postsurgical UH and fully effective oral anticoagulation in a larger population of high-risk patients who recently underwent mechanical heart valve replacement (MHVR).
Methods

Study Population and Anticoagulation
This prospective, single-center study was conducted between January 2000 and January 2005. All consecutive patients who underwent MHVR and were transferred to a postoperative cardiac rehabilitation center (POCRC) were selected. Patients with the following characteristics were excluded: (1) renal failure (serum creatinine Ͼ150 m/L) precluding LMWH administration, (2) previous heparininduced thrombocytopenia, (3) pregnancy, or (4) vitamin K antagonist (VKA) treatment already fully efficient. Moreover, patients with LMWH treatment of less than 2 days (4 injections) were eliminated (nϭ10).
UH therapy was started on the first postoperative day and was continued (intravenously or subcutaneously, targeting an activated partial-thromboplastin time [APTT] of between 1.5 and 2.5) until either VKA therapy achieved the target INR or the patient was admitted to the POCRC.
VKA therapy was usually started during the first postoperative week, unless temporarily contraindicated. Patients were enrolled on their admission to the POCRC if VKA treatment had not yet been started or if VKA treatment had not yet achieved the target INR (2.5 to 3.5 after mitral valve replacement or double valve replacement; 2.0 to 3.0 after aortic valve replacement). 11 After enrollment, UH was withdrawn and replaced by LMWH (enoxaparin: 100 IU/kg BID). The dose of enoxaparin used was the usual dose administered in studies when an efficient anticoagulation is required for atrial fibrillation 4 or acute coronary syndromes 13, 14 and is the same dose used in the two previous studies conducted on the same topic. 5, 8 As recommended, anticoagulation was checked in obese patients (body mass index Ͼ30 kg/m 2 ) by measuring anti-Xa activity 4 hours after the third injection. 15 The therapeutic range was 0.5 to 1.0 IU/mL, as defined in studies of LMWH for treatment of deep vein thrombosis 15 acute coronary syndromes 13, 14 and in the two pilot studies focusing on LMWH use after MHVR. 5, 8 The LMWH dose was adjusted when the anti-Xa level was not within the target range.
Platelet counts were performed twice per week during LMWH therapy, and the INR was determined 3 times per week during the first 3 weeks and twice per month afterward. Enoxaparin treatment was stopped when the INR remained at the target level for 2 consecutive days.
Outcome Measures
The main end point for efficacy was the occurrence of symptomatic arterial thromboembolism from the first day of LMWH treatment (enrollment) until the 90th postoperative day. The patients had daily physical evaluations while in the POCRC (mean follow-up, 20Ϯ7 days), and their status 3 months after surgery was determined by contacting their cardiologists. Arterial thromboembolism was defined as ischemic stroke, transient ischemic attack, myocardial infarction, systemic embolism, or prosthetic valve thrombosis.
The main end point for safety was major hemorrhaging during LMWH treatment, defined as (1) overt bleeding with a hemoglobin fall of Ͼ2 g/dL within a 24-hour period or transfusion of at least 2 U of blood; (2) intraspinal, retroperitoneal, or pericardial bleeding; or (3) fatal bleeding.
Statistical Analysis
Results are expressed as meanϮSD.
Results
A total of 695 patients who were transferred to the POCRC after MHVR were selected. Sixteen patients were excluded because of a creatinine level Ͼ150 m/L, 4 because of suspected heparin allergy and 425 because oral anticoagulant treatment was already fully effective. Therefore, 250 patients were enrolled, 16Ϯ11 days (range, 3 to 52), on average after surgery. The mean age was 60Ϯ11 years, and 60% were men. Aortic valve replacement (AVR) was performed in 76% of patients (nϭ190), mitral valve replacement (MVR) in 13.6% (nϭ34), and double valve replacement in 10.4% (nϭ26).
The most commonly used prostheses for AVR (nϭ216) were bileaflet (St Jude, 34%; Bicarbon, 26%; Carbomedics, 16%; Mira, 9%; ATS, 5%; ONX, 2%; Advantage, 2%); monoleaflet prostheses (Medtronic) were used in 6% of cases.
MVR (nϭ60) involved use of only bileaflet prostheses (St Jude, 41%; Bicarbon, 35%; Mira, 6%; ATS, 6%; Carbomedics, 12%).
The types of surgery are listed in Table 1 . As shown in Table 2 , the study population had a particularly high-risk profile for thromboembolism. 5 
Anticoagulant Management
In most cases (nϭ190: 76%), VKA treatment was started during the first postoperative week (day 5Ϯ2). On arrival in the POCRC, these patients' mean INR was 1.5Ϯ0.3.
In 60 cases (24%), VKA therapy had not been started on arrival in the POCRC because of early postoperative events, namely, pacemaker implantation (nϭ12), monitoring of large pericardial effusion (nϭ19), hematemesis (nϭ3), inguinal hematoma (nϭ2), arterial limb ischemia (nϭ1), multiple postoperative dental extractions (nϭ2), ischemic colitis (nϭ1), and mediastinitis (nϭ2) or because of the standard practices of one surgical team (nϭ18). In these 60 patients, VKA treatment was started the day after their arrival.
In every case, anticoagulation therapy with UH (intravenous, nϭ74; subcutaneous, nϭ176) was stopped and replaced by LMWH (enoxaparin, 100 IU/kg BID subcutaneously) on arrival in the POCRC (postoperative day 16Ϯ11). Enoxaparin was continued until the target INR was reached with VKA. The mean duration of LMWH treatment was 8.3Ϯ6.0 days and the mean duration of bridging was 7.9Ϯ5.8 days. Eighty-one patients (33%) received low-dose aspirin. Acenocoumarol was provided in 41 patients (16.4%; mean dose, 3.3Ϯ1.7 mg) and fluindione in 209 patients (83.6%; mean dose, 19.9Ϯ8.2 mg).
Clinical Outcome
No thromboembolic events and no deaths occurred in the POCRC (20Ϯ7 days after LMWH treatment began).
At 3 months, outcome information was available for 247 patients (98.8%). One patient (with AVR) had a transient ischemic attack (transient left hemiparesis) within 30 days after enoxaparin treatment cessation; the INR was 2.6, and computerized tomography of the brain, transesophageal echocardiography, and Holter ECG were normal; carotid Doppler ultrasonography showed a significant (70%) contralateral carotid stenosis. This event probably was not caused by valve thrombosis.
Two major bleeding episodes (one tamponade requiring pericardiotomy and one abdominal muscle hematoma requiring blood transfusion) occurred during the switch from enoxaparin to VKA. Three minor bleeding episodes occurred (one hemoptoic spit; one minor bleeding from a tonsillar wound caused during intubation; and one abdom-inal muscle hematoma not requiring blood transfusion). Anti-Xa activity was within the target range in all these patients.
There were no cases of heparin-induced thrombopenia.
Discussion
This study involved 250 patients who had recently undergone single or double mechanical heart valve replacement and who were at an increased risk of arterial thromboembolism. A standardized LMWH-based bridging anticoagulation regimen, between the end of standard postoperative UH therapy and the onset of full oral anticoagulant efficacy, was associated with a low incidence of major bleeding (2/250, 0.8%) and with no thromboembolic events.
UH is widely used during this period, but this practice raises two main concerns. First, very few controlled studies have ascertained the optimal condition of UH use or the required degree of anticoagulation. Second, the bioavailability and predictability of UH anticoagulation are poor. Indeed, in the ESSENCE study 16 and the TIMI 9B study, 17 in about 50% of patients receiving intravenous UH, effective anticoagulation was achieved on day 3. Hull et al, 18 using subcutaneous UH administration, observed that only in 37% of patients with recent deep venous thrombosis was the target APTT achieved on day 2, despite an additional intravenous bolus of 5000 IU. Finally, Montalescot et al 5 reported that only 9% and 27% of patients had an APTT value within the therapeutic range (1.5 to 2.5 times control) after 2 and 13 days, respectively, of subcutaneous UH therapy. Major averse outcomes were tamponade, nϭ1; abdominal muscle hematoma requiring blood transfusion, nϭ1; transient ischemic attack, nϭ1. Multivariate analysis is impossible given the small number of adverse outcomes.
UH has not been shown to be superior (or even noninferior) to other anticoagulant regimens pending achievement of the target INR in patients who recently underwent MHVR. The only study comparing LMWH and UH for the prevention of thrombus formation on mechanical heart valves was based on an ex vivo rabbit model 19 ; the authors concluded that subcutaneous enoxaparin was as effective as intravenous UH.
Because there is no gold standard in this setting, the use of LMWH instead of UH as a bridge pending full VKA efficacy warrants evaluation, especially because LMWH has several potential advantages in patients with mechanical heart valves 1 : (1) a better safety profile, with less frequent thrombocytopenia and bleeding in pooled analyses, and less osteoporosis during chronic therapy; (2) a more predictable and rapid anticoagulant effect; and (3) the possibility of self-administration without daily laboratory monitoring.
It must be stressed that medicolegal issues have recently arisen as a result of labeling modifications for an LMWH (Lovenox for injection package insert, Aventis Pharmaceuticals, 2002). According to the product label, the use of enoxaparin is not recommended for thromboprophylaxis in all patients with prosthetic heart valves. These modifications were based on 2 cases of valve thrombosis in pregnant women. 20 However, this labeling revision seems to be unsubstantiated, considering that an ample number of cases of similar complications, including deaths, have been reported in comparable groups of pregnant women under UH therapy. 20, 21 In fact, available data suggest that neither adjusted-dose UH nor fixed-dose LMWH provides adequate protection in pregnant women with mechanical heart valves, but it has been suggested that LMWH may provide superior protection against thromboembolism if the dose is adjusted throughout pregnancy on the basis of anti-Xa levels, body weight changes, and D-dimer levels. 11, 22 Moreover, this recommendation should at least be followed only in pregnant patients.
In nonpregnant patients having undergone MHVR, LMWH could be valuable in 2 situations. The first situation is for patients operated on previously who require temporary VKA withdrawal for extracardiac surgery. Despite its historic use in this situation, the efficacy and safety of bridging therapy with UH is not properly documented. By contrast, 2 large prospective surveys including a total of 327 patients with prosthetic mechanical heart valves treated with LMWH in this situation have recently been published. 6, 7 They concluded that a standardized periprocedural LMWH-based anticoagulant regimen is associated with a low risk of thromboembolism and major bleeding complications. The second situation is immediately after valve implantation, when patients normally receive concomitant anticoagulation treatment with heparin and VKA until a target INR is achieved with the VKA alone. Only 2 retrospective, nonrandomized studies with a total of 131 patients receiving LMWH have been published. 5, 8 Montalescot et al 5 conducted a comparative nonrandomized study in which patients who underwent single or double heart valve replacement received subcutaneous UH in the first study phase (nϭ106) and LMWH in the second phase (nϭ102). Two major bleeding events occurred in each group, and one stroke occurred in the UH group. On the second day of treatment, only 9% of patients receiving UH had an APTT within the therapeutic range (1.5 to 2.5 times control), whereas 87% of patients treated with LMWH had an anti-Xa factor activity within the therapeutic range (0.5 to 1.0 IU/mL). However, follow-up was short (14 days), and the number of MVR recipients was low (nϭ10).
In the Fanikos study, 8 29 patients received LMWH and were matched with 34 control patients who were given UH. After 90 days of follow-up, the number of events (deaths ϩ thromboembolic events ϩ bleeding events) was slightly but not significantly lower in the LMWH group than in the control group (4 versus 9 cases). The authors concluded that patients who received LMWH had a shorter hospital stay and lower postoperative costs than control subjects receiving UH.
Our study provides significant additional information over the previous studies. First, our study population was larger (nϭ250). Second, the patients were at a higher risk for thromboembolism. Indeed, 90% of our patients had at least one of the thromboembolic risk factors described by Montalescot et al 5 in the above-mentioned study (MVR, double valve replacement, atrial fibrillation, enlarged cavities, prior embolic stroke, or prior heart failure) (versus 45% in the Montalescot study), whereas 61% and 24% of patients had two or more risk factors (versus 21% and 11%, respectively, in the Montalescot study). In particular, 60 of our patients had undergone MVR (versus 10 patients in the Montalescot study). This high-risk profile is probably one reason why the patients were transferred to a POCRC and not sent home directly. Third, follow-up was longer in our study (3 months), thus reducing the risk of missing late thromboembolic events (including valve thrombosis). 23 Finally, LMWH treatment began on postoperative day 16 on average (after UH treatment), whereas it began on about postoperative day 2 to 6 in the 2 studies described above. 5, 8 This period (16 days) is longer than the mean postoperative stay after valve replacement (11 days after AVR, 13 days after MVR 24 ) and was due to a high incidence of postoperative complications before LMWH introduction, further illustrating the high-risk profile of our patients. Therefore, our results correspond to a "realworld" anticoagulation profile after mechanical valve prosthesis surgery in the specific population of patients in whom target INR has not been achieved 16 days after surgery (250/695, 36% of the total population).
Study Limitations
Because this study did not include a control group, we cannot comment on the efficacy or safety of this anticoagulant regimen relative to other strategies based on intravenous or subcutaneous heparin. However, no study evaluating UH itself and no randomized double-blinded studies comparing LMWH and UH after heart valve replacement have been conducted, more than 15 years after LMWH first became available. This situation exists, first because such studies are difficult to perform (blinded adjustment of the intravenous drug dose regimen) and also perhaps because this clinical situation is not financially interesting. It is noteworthy that no thromboembolic events related to valve thrombosis occurred in our study, which possibly lessens the need for a control group.
Conclusions
LMWH therapy as a bridge between immediate postoperative UH administration and full effectiveness of oral anticoagulation seems to be feasible in preventing thromboembolic events in patients who recently underwent mechanical heart valve replacement. These results warrant a randomized double-blinded study comparing LMWH and UH for this indication.
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